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Executive Summary 
This Rapid Evidence Assessment used the systematic review procedure to assess the 
current evidence available on the sources of the microplastics found in freshwater and 
estuarine environments. To fully comprehend the prevalence of microplastics in freshwater 
and estuarine environments, it is important to understand which sources contribute to the 
microplastics present and the relative importance of those sources. Furthermore, we need 
to understand the influence of any physical and biologically-mediated processes that affect 
the concentrations, characteristics and profile of the microplastic particles present, so that 
their influence can be taken into account when interpreting the microplastics present in 
terms of contributing sources.  
A review was conducted of literature, including grey literature, which reported evidence of 
the sources of the microplastics found in freshwater and estuarine environments. The 
factors influencing the transport and modification of microplastics in freshwater and 
estuarine environments were also considered, noting in particular those that alter the 
profile of microplastics thus obscuring identification of sources. Publications released prior 
to April 2019 were included in this review.  
Evidence was acquired according to a predefined set of questions, compiled into a 
database containing full details of the source and its relevance to the project questions, 
and the evidence analysed, taking into account reporting biases in the literature, to 
produce a digestible summary of the evidence base available to answer the main project 
question and sub-questions, namely, 
What are the sources of microplastics reported to have been found in freshwater and 
estuarine environments?  
a) Are these primary (i.e. manufactured) or secondary (i.e. degradation products) 
microplastics?  
b) Within studies reporting the predominant types of microplastics found, is there a 
link identified to local land use or industry?  
c) How are microplastics transported and modified in the freshwater and estuarine 
environments?  
d) Are microplastics from different sources prevalent in different matrices of the 
aquatic environment (biota, water, or sediment)? 
A set of pre-defined terms were used to search various databases and 2,450 potential 
evidence sources were identified. Further screening resulted in the identification of 125 
unique sources that were used to provide evidence regarding the sources of microplastics 
found in freshwaters and estuaries, and the influence of transport pathways and 
processes. Sources are places where microplastics may originate, with a number of 
products potentially being the origin of the plastic material, whereas pathways are the 
routes along which microplastics are transported, where the profile of microplastics found 
has the potential of being affected by processes (e.g. deposition) as the particles move 
through the environment. The sources considered included primary microplastics 
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(intentionally produced and/or used in products), secondary microplastics produced during 
an article’s intended use (e.g. tyre wear) and secondary microplastics produced through 
environmental degradation of macroplastic after it has been lost to the environment. 
What are the sources of microplastics reported to have been found in freshwater and 
estuarine environments? 
Very few studies provided clear evidence identifying the original source(s) of the 
microplastics present in freshwater and estuarine environments. Most studies only 
provided putative identification of sources of microplastics, with no supporting evidence to 
confirm if the microplastics present were from those sources. Where sources were 
identified, it was typically though upstream-downstream comparison focussing on point 
sources, although such a study design did not always identify an effect of the source. 
Formal linking of sources to particles in the environment, using tracers or source 
apportionment, has not been undertaken to date. Available models do not consider the 
transport and fate of particles after emission, so it is not possible to relate modelled 
emissions to concentrations of microplastics in freshwaters and estuaries. Hence, 
considerable uncertainties remain concerning the main sources responsible for the 
microplastics present in freshwater and estuarine environments. The evidence available 
does not enable a robust assessment of the relative importance of different sources of the 
microplastics in freshwaters and estuaries. 
Are these primary (i.e. manufactured) or secondary (i.e. degradation products) 
microplastics?  
The majority of studies describing the microplastics present in freshwaters and estuaries 
did not discriminate between primary and secondary microplastic particles. Where studies 
did discriminate, most ascribed the particles to either a mixture of primary and secondary 
microplastics or to secondary microplastics. However, the characteristics used to 
discriminate between primary and secondary particles are not absolute. Although it 
appears that secondary microplastic particles are more abundant in freshwaters and 
estuaries than primary particles, confident attribution of the sources of the particles found 
in freshwaters and estuaries as either primary or secondary is not possible. 
How are microplastics transported and modified in the freshwater and estuarine 
environments?  
Of the release pathways of microplastics considered, most evidence available concerned 
release via wastewater, particularly through upstream-downstream comparison. However, 
the number of studies available does not necessarily reflect the relative importance of the 
different pathways.  
Release via wastewater was the most studied pathway of release into flowing waters and 
estuaries, where studies focussed on either passage through treatment works or 
upstream-downstream comparisons of microplastics in waterbodies receiving effluent from 
treatment works. Passage through sewage treatment works resulted in a 79 to 99 % 
decrease in the abundance of particles in water compared with the concentration in 
influent water, dependent on the design of the works, and an increase in the concentration 
of microplastics in sedimented sludge. The influence of other pathways on the abundance 
    3 
of microplastics was more equivocal, with studies reporting an increase, decrease or no 
change. 
Transport processes affect the profile of microplastics in freshwaters and estuaries. Of the 
studies that considered the effects of transport processes on the profile of microplastics, 
most considered the effect on total abundance. Deposition was associated with a 
decrease in abundance in water and an increase in sediment, and affects the profile of 
size, morphology and polymers. The influence of other processes (resuspension, 
aggregation and degradation) on total abundance was equivocal, although the number of 
studies was too low to provide a conclusive assessment. Nevertheless, the movement 
microplastics through the environment appears to follow the patterns expected for natural 
organic particles of equivalent size and density. 
Particles degrade through the action of physical and biological processes, affecting the 
concentration and profile of microplastics. 
Within studies reporting the predominant types of microplastics found, is there a link 
identified to local land use or industry?  
Very few studies provided clear evidence identifying the source(s) of the microplastics 
present in freshwater and estuarine environments. The change in the profile of 
microplastics upstream to downstream such that a link to local land use or industry could 
be identified was equivocal. As such, at this time it is not possible to conclude that there is 
a link between local land use or industry and the predominant microplastics found in 
freshwaters and estuaries. 
Are microplastics from different sources prevalent in different matrices of the aquatic 
environment (biota, water, or sediment)? 
Notwithstanding the caveat that there are considerable uncertainties concerning the 
attribution of the sources of the microplastics present in freshwater and estuarine 
environments, there did not appear to be considerable distinction among the matrices of 
the aquatic environment in terms of the sources attributed. However, the attribution of 
sources may reflect the design and aims of the studies in question rather than a robust 
assessment of the relative importance of different sources. 
 
In conclusion, at this time there is insufficient evidence to identify the sources of the 
microplastics found in freshwater and estuarine environments. 
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1 Introduction 
1.1 Background 
Plastics are synthetic polymers which can be made into a vast range of inexpensive, light-
weight and durable products that bring numerous societal benefits by providing important 
components for a multitude of applications in modern life. Since the 1950s, the plastics 
industry has grown exponentially to a global usage of 348 million tonnes annum-1 in 2017 
(PlasticsEurope 2018). A great variety of polymers and products are encompassed within 
the term “plastics”, some of which a will have a long service life, whereas others (around 
40% of all the plastic produced) are used for packaging, which is predominantly single use.  
It has been discovered that microscopic particles of plastic, microplastics, have been 
released into the environment (Thompson et al. 2004). Here we use the European 
Chemical Agency working definition of microplastic as “any polymer, or polymer-
containing, solid or semi-solid particle having a maximum size of 5 mm or less in any 
dimension” (ECHA 2018). Additionally, the definition includes both those microplastics that 
have been intentionally created (i.e. primary microplastic), and those that are derived from 
degradation of larger plastic particles (i.e. secondary microplastic). It is estimated that 12 
billion tonnes of microplastic will be discarded globally by 2050 (Geyer et al. 2017), with 
additional particles derived through degradation of larger material, resulting in impacts on 
biota predicted to cost in excess of $13 billion annum -1 (Nizzetto et al. 2016a). 
Microplastics are now ubiquitous and microplastic particles have been reported from 
throughout the aquatic environment, from surface freshwaters (Hurley et al. 2018) to the 
deepest and most remote regions of the sea (Ivar do Sul and Costa 2014).  
The sources of microplastics include primary microplastics (intentionally produced and/or 
used in products), secondary microplastics produced during an article’s intended use (e.g. 
tyre wear) and secondary microplastics produced through environmental degradation of 
macroplastic after it has been lost to the environment. As microplastics are likely to 
originate from a variety of sources they comprise a variety of different polymer types, 
including polyethylene (PE), polypropylene (PP), acrylic, polyacrylamide (PAM), polyamide 
(PA), polyester (PES), polytetrafluoroethylene (PTFE), and polystyrene (PS) amongst 
others. The amount of plastic produced and released into the environment varies among 
the different polymers dependent on their use in products (either as single polymers or 
combinations) and the fate of those products. Both the composition (polymer) and 
production (influence of processing) of plastics influences the rate at which they degrade 
and, thus, the rate at which microplastic particles are released from macroplastics. 
Furthermore, as with all particles, microplastics are potentially subject to a number of 
physical and biologically-mediated processes as they move through the environment: 
microplastics may be variously affected by these processes, such that the concentrations 
and profile of microplastics may vary substantially both in time and space. There is a need 
to further our understanding of which sources of microplastics are prevalent in freshwater 
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systems, in what forms, and what their potential impacts on freshwater organisms and 
ecosystems might be. To fully comprehend the prevalence of microplastics in freshwater 
and estuarine environments, it is important to understand which sources contribute to the 
microplastics present and their relative importance. Furthermore, we need to understand 
the influence of any physical and biologically-mediated processes that affect the 
concentrations, characteristics and profile of the microplastic particles present, so that their 
influence can be taken into account when interpreting the microplastics present in terms of 
contributing sources.  
Within the above wider context, this evidence review is one of three reviews that aim to 
provide a robust review of the evidence base for informing policy development. This 
evidence is needed to inform decision making to effectively manage any potential risks 
stemming from microplastics. 
1.2 Objectives 
The overarching aim of this evidence review, commissioned by Defra, was to improve our 
understanding of the sources of microplastics reported to have been found in freshwater 
and estuarine environments. The evidence available was assessed using the systematic 
review procedure. 
The objectives were to: 
1) undertake a Rapid Evidence Assessment for each of the primary research 
questions,  
2) produce a database of evidence. 
The objectives of the evidence review were delineated through the following Primary and 
Secondary questions.  
Primary question:  
What are the sources of microplastics reported to have been found in freshwater and 
estuarine environments?  
Secondary questions:  
a) Are these primary (i.e. manufactured) or secondary (i.e. degradation products) 
microplastics?  
b) Within studies reporting the predominant types of microplastics found, is there a link 
identified to local land use or industry?  
c) How are microplastics transported and modified in the freshwater and estuarine 
environments?  
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d) Are microplastics from different sources prevalent in different matrices of the aquatic 
environment (biota, water, or sediment)? 
2 Methodology 
2.1 Review methodology applied 
This evidence review is a Rapid Evidence Assessment (REA) which aims “to provide an 
informed conclusion on the volume and characteristics of an evidence base together with a 
synthesis of what that evidence indicates following a critical appraisal of that evidence” 
(Collins et al., 2015). The review followed the methodology outlined in Collins et al. (2015). 
The primary and secondary questions that were considered (see Section 1), the PICO 
elements (Population, Intervention, Comparator, Outcome; Table 2.1) and search terms 
that were used were detailed in a protocol document, which was used to guide the review 
process. The REA work encompassed two components: a literature review and interviews 
with academic experts.  Details of the approach proposed for the two REA components 
are provided in the Sections below.  
Table 2.1 REA PICO elements  
PICO element PICO element for this REA 
Population Microplastics  
Intervention Identification of sources of micoplastics 
found in freshwater and estuarine 
environments 
Comparator Factors altering the profile of micoplastics 
found in freshwater and estuarine 
environments such that sources cannot be 
attributed 
Outcome Robust evidence base on the sources of the 
micoplastics found in freshwater and 
estuarine environments 
2.2 Literature Review  
The quality of the literature, including grey literature, which reported the sources of the 
microplastics found in freshwater and estuarine environments, were systematically 
reviewed and assessed. The factors influencing the transport and modification of 
microplastics in freshwater and estuarine environments were also considered, noting in 
particular those that alter the profile of microplastics thus obscuring identification of 
sources.  
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2.2.1 Capturing the evidence base 
The first step in the evidence reviews on analysis, prevalence & impact of microplastics in 
freshwater and estuarine environments was to assess the overall evidence base detailing 
research on microplastics in freshwaters and estuarine (transitional) waters. A wide search 
using population search terms (Table 2.2) was used at this stage to capture as much of 
the evidence as possible, with the results of these searches saved and interrogated further 
to answer each of the three more detailed key questions and their sub-questions from the 
three evidence reviews on microplastics in freshwaters and estuaries (the second of which 
is relevant here), thus reducing the effort required to establish the evidence base for each 
evidence review. 
Publications released prior to April 2019 were included in this review. As microplastics 
have only been studied relatively recently (Thompson et al. 2004), no earliest date was 
used to define the date range of publications included. An exception on the date range 
was made to include two works of high relevance to the UK that were released after April 
2019, namely Ball et al. 2019 (Sink to River - River to Tap. A review of potential risks from 
nanoparticles and microplastics. UK Water Industry Research Limited Report No. 
EQ01A231) and Santillo et al. 2019 (Plastic pollution in UK’s rivers: a ‘snapshot’ survey of 
macro- and micro-plastic contamination in surface waters of 13 river systems across 
England, Wales, Scotland and Northern Ireland. Greenpeace Research Laboratories 
Technical Report 04-2019).  
Table 2.2 Population level search terms used with Boolean operators to identify the 
population of evidence available on microplastics in freshwaters and estuaries. 
Population 
plastic* freshwater* wetland potable 
micro* river* marsh reservoir 
microplastic stream* swamp aquifer 
nanoplastic brook wastewater* groundwater 
*plastic lake* drinking water sewage 
 pool aquatic outfall 
 pond ecosystem*  
 estuar*   
 transitional   
The databases used for the searches, which encompass both published and grey 
literature, included: 
BioOne, COPAC, DART-Europe E-theses Portal, EBSCO Open dissertations, EThOS: 
Electronic Theses Online Service, European Commission Research Publications, 
European Sources Online, GoogleScholar, MedLine, JStor, SciFinder, Open Access 
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Theses and Dissertations, OpenGrey, PubMed, PLoS, Scopus, SciFinder, Web of 
Science. 
To capture grey literature, additional to that included in the list of databases to be 
searched (i.e. databases detailing unpublished theses and reports) undertook directed 
searches of holdings of relevant environmental regulators (e.g. Rijkswaterstaat (Dutch 
water authorities): http://www.rws.nl, Vlaamse Milieumaatschappij (Flemish Environmental 
Agency): http://www.vmm.be Bundesanstalt für Gewässerkunde (German Federal Institute 
of Hydrology): http://www.bafg.de RIVM (Dutch Environment Agency): http://www.rivm.nl). 
The results of all searches were a) downloaded and saved in a searchable database for 
use in further searches and b) used to map the evidence record. 
The overall evidence base on microplastics in freshwaters captured 3456 unique sources. 
The search engines Scopas, Scifinder and Web of Science produced the most hits. Some 
of the terms used produced a large number of hits, e.g. the combination micro AND 
plastic, but a brief inspection revealed that a large proportion of these sources were not 
relevant, so these terms were only used further in combination with other qualifying terms. 
Of the retained searches, microplastic produced the most hits (total across all engines 
11,636).  
To capture the evidence base to address the primary and secondary questions of this 
evidence review, the overall evidence base on microplastics in freshwaters and estuaries 
captured in the first phase were searched further using search terms specific to the 
questions of this evidence review (Table 2.3). 
               
Fig 1. Schematic to illustrate sources (yellow circles and text) and pathways (pale blue 
arrows and text).
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This review compiled evidence on sources, pathways and processes. Sources are places where 
microplastics may originate, with a number of products potentially being the origin of the plastic 
material (e.g. personal care products), whereas pathways are the routes along which microplastics 
are transported, where the profile of microplastics found has the potential of being affected by 
processes (e.g. deposition) as the particles move through the environment (Fig 1). 
Table 2.3 Search terms used to identify the evidence available on sources of microplastics 
found in freshwaters and estuaries, and the processes and pathways affecting their 
transport and fate. 
Population Intervention Comparator Outcome 
debris personal care fraction* character* 
litter cosmetic heteroaggregat* acrylic 
primary industr* colloid* polyester 
secondary agricultur* floc* polystyrene 
virgin sewage plankton* polypropylene 
*fibre  tyre wear sediment* polyamide 
*fiber tire wear microb* polyacrylamide 
*bead road wear filter* polymer 
nurdle paint feeding* PVC 
dust textile* detritiv* PET 
beached wet wipe abrasi*  
pellet*  fragment*  
flake*  sorption  
additive*  uptake  
contamina*  bioaccumulation  
  accumulation  
  consump*  
  aging  
  deposit*  
  erode  
  erosi*  
  suspen*  
  resuspen*  
  consump*  
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The results of all searches were saved for further use and used to map the evidence 
record. Those evidence sources that were identified by searches for ER1 and scored as 
potentially relevant to Q2 during the screening process were transferred to an MS Excel 
spreadsheet formatted with columns corresponding to information fields relevant to the key 
question and sub-questions being addressed (See ER2_Capture.xls) for consideration in 
this review. The information fields of the evidence capture form included information 
relevant to  
1. The evidence 
2. The influence of pathways on the profile of microplastics, 
3. The influence of processes on the profile of microplastics 
4. The sources of microplastics identified 
5. The location of the study 
Those evidence sources that had not been identified by searches as potentially relevant to 
ER1 were also transferred to the evidence capture form, but subject to screening before 
being included in ER2. The evidence base potentially relevant to Q2 identified through the 
searches was divided among the members of the Q2 review team in such a way that 10% 
of records were allocated twice (for quality assurance purposes). The reviewers screened 
the evidence and completed the evidence capture form. The evidence capture form 
comprised two steps. The first initial screen of evidence sources not considered for ER1 
was used to:  
a) Identify reviews, which were used for further identification of evidence sources, but not 
included in data capture per se, unless some novel data was presented. 
b) Remove evidence sources specific to marine waters and not relevant to freshwaters or 
estuarine (transitional) waters. 
c) Identify evidence sources that were likely to be relevant to Evidence Review 1 
(sampling and analytical methodology) and/or Evidence Review 3 (biotic impacts, 
uptake and biological consequences).  
d) Of the 2,450 evidence sources identified as potentially relevant, the initial screening 
identified 371 as likely to be relevant to the question of ER2 and, of these, 103 were 
considered likely to contain evidence relevant to freshwaters and 72 likely to contain 
evidence relevant to transitional waters, and 60 to both environments (Fig. 2). 
e) Those evidence sources that passed the initial screen were searched in detail to 
capture the evidence relevant to the question and sub-questions, and any relevant 
information recorded under the appropriate fields on the evidence capture form 
(Appendix 2: ER2_Capture.xls). In particular, numerical information was captured 
where effects were quantified in the literature (e.g. proportions of microplastics from 
different sources). These evidence sources were supplemented with sources identified 
as relevant to the questions of this review through the searches undertaken in ER1 
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and ER3, together with a highly relevant report that was released after April 2019 (Ball 
et al. 2019). 
Fig. 2 Map of evidence identified as relevant to ER2 during initial screening.  
Of the sources likely to contain evidence relevant to freshwaters and estuaries, 125 unique 
sources were used to extract evidence (Fig. 2). Of these, 74 unique sources contained 
evidence from running or standing freshwaters, 38 from other freshwaters, mostly effluent 
from sewage treatment works and 19 unique evidence sources were used where the 
evidence was from estuaries. Six sources contained evidence that was relevant to more 
than one habitats. 
All the evidence was transferred from the evidence capture form into a searchable MS 
Access relational database, which was spatially referenced where appropriate (i.e. linked 
to a GIS data layer illustrating the field locations where evidence was obtained from). This 
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database linked literature sources to the key questions and was used to produce 
extractable summaries of the evidence base underlying each of the key questions and sub 
questions. After evidence capture, the total evidence base was compiled and quantified, 
and meta-analyses undertaken where appropriate. 
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Fig 3. Number of evidence sources per year. 
2.2.2 Reliability scores 
Additional information on the reliability of the evidence provided by the source was 
captured using a separate spreadsheet, based on the methods of Hermsen et al. (2018) 
and Koelmans et al. (2019). The quality assessment was made up of ten criteria: (1) 
sampling method and strategy, (2) sample size, (3) sample processing and storage, (4) 
laboratory preparation, (5) clean air conditions, (6) negative controls, (7) positive controls, 
(8) target component (for biota), (9) sample (pre-)treatment, and (10) polymer 
identification. For each criterion, a score of 0, 1, or 2 was assigned to the evidence source 
under review. Scores signified the following: 2 = reliable without restrictions, 1 = somewhat 
reliable but with restrictions, 0 = not reliable. If information was lacking on certain aspects 
in the evidence source, this was considered unreliable, leading to a lower score. For each 
evidence source the Total Accumulated Score was calculated by adding scores for 
individual criteria (maximum 18 points for water and sediment, 20 for biota). For the data 
provided by an evidence source to be considered sufficiently reliable, it should preferably 
have no ‘zero’ values for any of the individual scores . To assess the overall reliability of the 
evidence sources, the number of zeros was calculated for each. Furthermore, the product 
of the scores in all relevant criteria was calculated, following the methods of Hermsen et al. 
(2018), to give a potential maximum reliability score of 512 (or 1024 for biota), but where 
any one criterion was evaluated as “not reliable” (0 points) the overall reliability score of 
the study was 0. 
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Table 2.4 Criteria used to assess reliability of evidence sources. 
1. Sampling methods Location - Date - Matrix specific methods should be recorded. 
2. Sample size A suitable sample size - Surface waters: ≥ 500 L, WwTP effluent: ≥ 
500 L, Sediment: ≥ 5 L, Biota: ≥ 50 individuals per taxa. 
3. Sample processing 
and storage 
Prior rinsing of sample pots in filtered/deionised water. No plastic 
materials used. Justification for any fixatives added. 
4. Laboratory 
preparation 
All materials, equipment, and laboratory surfaces need to be 
thoroughly washed and rinsed. 
5. Clean air 
conditions 
The handling of samples should be performed in clean air facilities. 
6. Negative control A replicate of 3 negative controls is advised that are included for 
each batch of samples and treated in parallel to the sample 
treatment. 
7. Positive controls A replicate of 3 is advised in which microplastics of known polymer 
identity and of targeted sizes are added to “clean” samples, which 
are then treated and analyzed the same way as the actual samples. 
The particle recoveries calculated. 
8. Target component 
(for Biota only) 
To capture all ingested microplastic, the full gastrointestinal tract 
(esophagus to vent) of fish and the entire body of smaller species, 
e.g. bivalves, should be examined. 
9. Sample treatment A digestion step must be included to dissolve organic matter , and 
associated loss of polymers considered. Digestion without such 
consideration scores 1.  
10. Polymer 
identification 
Polymer identify needs to be confirmed by FTIR, Raman or GCMS 
on at least a representative subsample of ≥ 50 particles or ≥ 25% of 
filter area.  Score 1 if polymer identity was determined on smaller 
sub-sample or using SEM. 
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2.3 Interviews  
Interviews with academics working in the field of microplastics were conducted to get their 
expert opinion on the primary and secondary questions. Four academic experts were 
consulted: 
Dr Alice Horton, Centre for Ecology & Hydrology, Wallingford, UK 
Prof Dr Bernd Nowack, Empa-Swiss Federal Laboratories for Materials Science and 
Technology, Zürich, Switzerland 
Prof Dr Annemarie van Wezel, University of Amsterdam and the Dutch research institute 
for drinkingwater, Amsterdam, the Netherlands 
Dr Gaël Durand, Labocea, Brest, France 
Interviews (lasting 30-45 minutes) were held via phone with all the academics above. 
During the telephone interviews, the academics were requested to: provide their expert 
view on each of the primary and secondary questions; comment on key published 
literature relating to the questions; and provide information on ongoing or unpublished 
work relating to this evidence review, if applicable. The interviewee responses were 
recorded as notes during the interviews. The key messages/highlights derived from the 
interviews are outlined in Section 3. 
3 Key messages from interviews with 
academic experts 
What are the sources of microplastics reported to have been found in freshwater and 
estuarine environments?  
All four academic experts interviewed indicated that there is considerable uncertainty 
regarding the sources of the microplastic particles found in freshwater and estuarine 
environments. All the academic experts said that waste water treatment plants were a 
source of microplastics, but the importance of this source, compared with other sources, 
was not established. Other contributing sources suggested by the academic experts 
interviewed were tyre wear and road run off (including litter, paint and other car parts), the 
recycling industry, other industries, agriculture, construction and the degradation of litter to 
microplastics. The experts indicated that we know that fibres from textiles and tyre are 
present in the environment, but there are many sources which emit microplastics into the 
environment for which we know nothing. The academic experts were of the opinion that 
models can estimate the rate of emission, but that we know little about the fate of 
microplastics once they are released. The experts were also of the opinion that the main 
sources of microplastics in freshwaters and estuaries are likely to vary spatially, dependent 
on the types of activities undertaken in the catchment of the waterbody.  
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All experts agreed that the main sources of the microplastics found in freshwaters and 
estuaries are as yet not known.  
Secondary questions:  
a) Are these primary (i.e. manufactured) or secondary (i.e. degradation products) 
microplastics?  
All four experts were of the opinion that sources that release secondary microplastic 
particles are likely to be far more important than those that release primary microplastics.  
b) Within studies reporting the predominant types of microplastics found, is there a link 
identified to local land use or industry?  
The academic experts were in agreement that there should be variation in the types of 
microplastics found in freshwaters and estuaries, dependent on the activities undertaken in 
the catchment. However, their opinion was that the evidence linking the microplastics 
found to specific sources is weak and only applicable to point sources: most inputs are 
likely to be diffuse.  
c) How are microplastics transported and modified in freshwater and estuarine 
environments?  
The four academic experts were of the opinion that, although we know little about the fate 
of microplastics once released into the environment at the current time, the processes that 
transport naturally occurring particles through the environment are likely to play a key role, 
in particular, those processes driven by precipitation. Transport by wind will also play a 
role. The experts indicated that difficulties arise as data are typically in terms of numbers 
of particles rather than mass, presenting challenges for estimation from mass balance. 
The experts were of the opinion that modification of particles is likely to be driven by 
physical degradation (including the effect of UV exposure) as well as biological 
degradation by fungi and bacteria, although little is known about the process and rate of 
degradation from macroplastics to microplastics under environmental conditions.  
All four academic experts interviewed were of the opinion that there is little evidence on 
the fate of microplastics once released. 
d) Are microplastics from different sources prevalent in different matrices of the aquatic 
environment (biota, water, or sediment)? 
The academic experts were of the opinion that there would be differences in the 
microplastics present in the different matrices, with those in sediment and biota originating 
from (and being a subset of) those in water. The experts stated that microplastics in 
sediment are likely to be of denser polymers than those in water. The experts were also of 
the opinion that selectivity in which microplastics are consumed (based on size, shape, 
colour and the mode of feeding) is likely to influence the microplastics found in biota. 
However, all experts indicated that there is insufficient evidence to confidently define any 
differences among the matrices, or the mechanisms that lead to such differences. 
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4 Literature Review 
The outcomes of the literature review undertaken are outlined below, the structure being 
based on the primary and secondary questions.  At the end of each question, a summary 
of the evidence is provided in a text box for clarity. The findings presented are summaries 
of the evidence available and, therefore, are influenced by the reliability of the primary 
literature, including grey literature, on which this report is based. An assessment of the 
reliability of the 125 studies included in this review was undertaken (see section 4.6). 
However, this assessment of reliability was not used to exclude studies from the review, 
which was based on all 125 evidence sources. 
4.1 Primary question: What are the sources of 
microplastics reported to have been found in freshwater 
and estuarine environments?  
Very few studies provided clear evidence identifying the original source(s) of the 
microplastics present in freshwater and estuarine environments (Fig 4). Most studies only 
provided putative identification of sources of microplastics, with no supporting evidence to 
confirm if the microplastics present were from those sources. Where sources were 
identified, it was typically through upstream-downstream comparison focussing on point 
sources. Formal linking of sources to particles in the environment, using tracers or source 
apportionment, has not been undertaken to date. The small number of studies that 
identified the sources of the microplastics in freshwaters and estuaries, together with their 
design (constrained spatially and focussed on specific point sources), do not enable a 
robust assessment of the relative importance of different sources either within or among 
habitat types. 
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Estimates of the emissions of microplastics from different sources to the marine 
environment have been variously made based on estimated loss rates (Sundt et al. 2014, 
Essel et al. 2015, Lassen et al. 2015, Magnusson et al. 2016, Boucher and Friot 2017, 
Bertling et al. 2018, Hann et al. 2018), but provide no specific estimates of losses to 
freshwaters or estuaries. In these studies, the contribution of fragmentation of larger 
macroplastics to the load of microplastics was either not considered or estimated as a 
proportion of mismanaged waste. A modelling study has been undertaken for Switzerland 
which gave estimates of emissions to freshwaters (Table 2.5) based on probabilistic 
estimates of material flows and assumed emissions of microplastic (and macroplastic) 
particles from various sources (Kawecki and Nowack 2019). Nevertheless, processes that 
affect the transport and fate of microplastic (and macroplastic) particles after emission 
were not included in this model (nor any other emission based models), so it is not 
possible to relate modelled emissions to concentrations of microplastics in freshwaters and 
estuaries. Furthermore, verification of many of the assumptions on which such models are 
based is lacking to date. Hence, considerable uncertainties remain concerning the main 
sources responsible for the microplastics present in freshwater and estuarine 
environments. 
Fig. 4 Sources of microplastics reported to have been found by habitat.  
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Table 2.5 Modelled total emissions of microplastics to surface waters and to all 
compartments in Switzerland by polymer (Kawecki and Nowack 2019)  
Polymer  Total emissions of 
microplastics to surface 
waters 
Total emissions of 
microplastics to all 
compartments 
Low-density polyethylene (LDPE) 0.41 ± 0.2 141 ± 78 
High-density polyethylene (HDPE) 3.7 ± 3.1 98 ± 24 
Polypropylene (PP) 3.1 ± 2.2 162 ± 48 
Polystyrene (PS) 0.59 ± 0.32 20.2 ± 5.3 
Expanded polystyrene (EPS) 0.181 ± 0.086 6.6 ± 1.8 
Polyvinyl chloride (PVC) 2.8 ± 1.7 112 ± 34 
Polyethylene terephthalate (PET) 4.1 ± 6.7 71 ± 47 
Estimates are mean ± standard deviation as tonnes per annum for Switzerland. NB tyre wear particles were 
not included in the model. 
4.2 Secondary question: Are these primary (i.e. 
manufactured) or secondary (i.e. degradation products) 
microplastics?  
The majority of studies describing the microplastics present in freshwaters and estuaries 
did not discriminate between primary and secondary microplastic particles. Where studies 
did discriminate, most ascribed the particles to either a mixture of primary and secondary 
microplastics or to secondary microplastics (Fig 5). This pattern was replicated across the 
different habitats, with the exception of other freshwaters (largely outflows from treatment 
works) where most studies ascribed particles to secondary particles (Fig 6). A similar 
pattern was evident among the different matrices, where most studies of water and 
sediment ascribed microplastic particles to a mixture of both primary and secondary, 
whereas most studies of biota (albeit very few) ascribed them to secondary.  
The studies that did discriminate between primary and secondary microplastic particles  
variously used shape, surface texture (determined using scanning electron microscopy) 
Considerable uncertainties remain concerning the main sources responsible for the 
microplastics present in freshwater and estuarine environments. A robust assessment 
of the relative importance of different sources contributing to the microplastics found in 
freshwaters and estuaries is not possible with the evidence currently available. 
    19 
and surface oxidation (determined using FTIR). Spherical or near-spherical shaped 
particles were assumed to be primary microplastic particles whereas other morphologies 
were assumed to be secondary particles, and surface damage or surface oxidation was 
assumed to indicate that the particle was a secondary particle. Yet, none of these 
characteristics are absolute at discriminating between primary and secondary particles.  
Spherical or near-spherical shaped secondary particles could arise through abrasion or 
incomplete combustion of larger particles, and the surfaces of primary particles become 
damaged and oxidised with age once they have entered the environment (Chauhan et al. 
2018). Furthermore, primary microplastics are not necessarily spherical with smooth 
surfaces (Kalčíková et al. 2017). Using the data compiled during ER1, it was apparent that 
the likelihood of particles being described as primary microplastics was correlated with the 
size of the particles being considered (Fig 7). Confident attribution of the sources of the 
particles found in freshwaters and estuaries as either primary or secondary is not possible. 
Nevertheless, the modelling study of Kawecki and Nowack (2019) indicated that the 
majority of microplastics released are from secondary sources. 
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Fig 5. Type of 
microplastic particles, 
primary or secondary, 
identified in freshwaters 
and estuaries. 
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Fig 6. Number of studies which identified microplastic particles as primary or secondary by 
habitat. 
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Fig 7. Relationship between size of particles and attribution to either primary or 
secondary microplastics (or no discrimination). 
Although it appears that secondary microplastic particles are more abundant in 
freshwaters and estuaries than primary particles, confident attribution of the sources of 
the particles found in freshwaters and estuaries as either primary or secondary is not 
possible. 
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4.3 Secondary question: How are microplastics 
transported and modified in freshwater and estuarine 
environments?  
To address this question data were captured on both pathways and processes that 
potentially transport and modify the profile of microplastic particles considered by the 
studies.  
4.3.1 Pathways  
Of the release pathways of microplastics considered, most evidence available concerned 
release via wastewater (Fig 8). Other release pathways considered included, surface run 
off, direct inputs to surface waters from terrestrial sources, inputs via tributaries, direct 
inputs from fisheries and aquaculture, and aerial deposition (in decreasing order of number 
of studies). Only two studies considered inputs via aerial deposition. The number of 
studies available does not necessarily reflect the relative importance of the different 
pathways. Release via wastewater was the most studied pathway of release into flowing 
waters and estuaries, where studies focussed on either passage through treatment works 
or upstream-downstream comparisons of microplastics in waterbodies receiving effluent 
from treatment works.  
Fig 8. Pathways of release of microplastics to freshwaters and estuaries. 
In terms of the effect of transport pathways on the profile of microplastics, most evidence 
was available on the effect of transport from upstream to downstream, with the second 
highest number of studies concerned with the passage through sewage treatment works 
(Fig 9). 
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Most studies considering the passage through sewage treatment works reported a 
decrease in the total abundance of microplastics (Fig 10), with 79 to 99 % of particles 
removed from the water compared with the concentration in influent water, dependent on 
the design of the works. Three studies reported an increase in abundance of microplastics 
on passage through treatment works, and in all three cases these studies considered 
concentrations of microplastics in sedimented sludge. The influence of other pathways on 
the abundance of microplastics was more equivocal, with studies reporting an increase, 
decrease or no change (Fig 10).  
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Fig 9. Volume of evidence regarding influence of transport pathways on microplastics in 
freshwaters and estuaries. 
 
The influence of the pathways considered on the average size of the microplastic particles 
was equivocal, with studies reporting an increase, decrease or no change (Fig 10). When 
considering passage though treatment works, unlike change in total abundance, there was 
no influence of whether studies had considered water or sediment on the direction of 
change in average size of particles. However, it should be noted that the numbers of 
studies reporting on change in average size were low. Similarly, a low number of studies 
reported the influence of pathways on morphology and profile. Those studies that were 
available, appeared to indicate a change in morphology profile from upstream to 
downstream (Fig 10), and a change in polymer profile on passage through treatment 
works (Fig 10), but these findings cannot be considered conclusive as they are based on 
few studies. 
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Fig 10. Influence of transport pathways on the profile of microplastics found in freshwaters 
and estuaries. 
4.3.2 Processes 
Only a small volume of evidence was available that considered the effect of transport 
processes on the profile of microplastics in freshwaters and estuaries. Most of these 
studies considered the effects of transport processes on total abundance. Unsurprisingly, 
deposition was associated with a decrease in abundance in water and an increase in 
sediment (Fig 11). The influence of other processes (resuspension, aggregation and 
degradation) on total abundance was equivocal, although the number of studies was too 
low to provide a conclusive assessment. Nevertheless, the work of Hoellein et al. (2019), 
involving careful experimental manipulation in experimental channels, indicated that the 
deposition velocity of microplastic particles in flowing waters (affected by deposition and 
resuspension) followed the patterns expected for natural organic particles of equivalent 
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size and density, such that existing understanding of the movement of particles could be 
applied to microplastics and models of transport developed based on this assumption 
(Nizzetto et al. 2016b). Two studies reported an increase in the abundance of particles 
with degradation, whilst one reported a decrease: this difference appears to be one of 
scale, where the fragmentation of larger particles resulted in an increase in abundance 
(Song et al. 2018, Xiong et al. 2019), whilst the degradation of smaller particles resulted in 
the apparent loss of particles (da Silva Dutra et al. 2019).  
Studies of deposition and aggregation of microplastics only reported an increase in 
average size, in both cases from studies of sediment, whereas studies of degradation only 
reported a decrease in average size (Fig 11). Degradation does not just occur through 
physical abrasion; microbial degradation has been shown to result in the loss of mass of 
particles (Brunner et al. 2018, Park and Kim 2019) although the extent to which such 
biological degradation occurs is not known. Change in the profile of microplastic particle 
morphologies was only described by studies of deposition, and change in profile of 
polymers was described by studies of deposition and degradation. Difference among 
particles in terms of their size, morphology and the density of the polymer appears to 
influence their propensity to settle out of the water column (e.g. Di and Wang 2018, 
Hoellein et al. 2019, Watkins et al. 2019). Deposition reduces the concentration of 
microplastics in water, and affects the profile of size, morphology and polymers, with 
larger, denser particles more likely to partition to sediments. Particles composed of less 
resistant polymers are more likely to be degraded (Brunner et al. 2018, Park and Kim 
2019).  
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4.4 Secondary question: Within studies reporting the 
predominant types of microplastics found, is there a 
link identified to local land use or industry? 
As detailed in section 4.1, very few studies provided clear evidence identifying the 
source(s) of the microplastics present in freshwater and estuarine environments. Where 
sources were identified, it was typically though upstream-downstream comparison 
focussing on point sources. Here, as detailed in section 4.3, the influence of upstream to 
downstream on the profile of microplastics such that a link to local land use or industry 
(e.g. urban areas: Klein et al. 2015, Mani et al. 2015, Miller et al. 2017) could be identified 
was equivocal (Fig 10). Where changes in the profile of microplastics were identified, it 
was typically through a spatially constrained sampling strategy focussed on a specific, pre-
defined point source (e.g. Kay et al. 2018), although such a strategy did not always result 
Fig 11. Effect of transport processes on the profile of microplastics in freshwaters and 
estuaries. 
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in a link being identified (e.g. Barrows et al. 2018, Lin et al. 2018, Alam et al. 2019). As 
such, at this time it is not possible to conclude that there is a link between local land use or 
industry and the predominant microplastics found in freshwaters and estuaries.  
 
4.5 Secondary question: Are microplastics from 
different sources prevalent in different matrices of the 
aquatic environment (biota, water, or sediment)? 
Notwithstanding the caveats outlined in section 4.1, i.e. that there are considerable 
uncertainties concerning the attribution of the sources of the microplastics present in 
freshwater and estuarine environments, there did not appear to be considerable distinction 
among the matrices of the aquatic environment in terms of the sources attributed. Textiles, 
sewage, personal care products, industry and packaging were the more frequently 
identified sources of the microplastics in water, and industry, textiles and packaging the 
more frequently identified sources of the microplastics in sediment (Fig 12). However, the 
attribution of sources may reflect the design and aims of the studies in question rather than 
a robust assessment of the relative importance of different sources. Very few studies 
provided sufficient evidence to identify the sources of the microplastics within biota.  
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Using the evidence available, it was not possible to conclude that there is a link 
between local land use or industry and the predominant microplastics found in 
freshwaters and estuaries. 
Fig 12. Sources of the microplastics 
found in the different matrices of 
freshwaters and estuaries. 
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Where the source of microplastics was identified, most studies ascribed the particles to 
either a mixture of primary and secondary microplastics or to secondary microplastics, 
irrespective of the matrix (Fig 13). This finding is in line with the findings of section 4.2, but 
is also covered by the same caveats, i.e. that confident attribution of the microplastic 
particles found in freshwaters and estuaries as either primary or secondary microplastics is 
not possible. 
The most frequently reported release pathway of microplastics to water was via sewage, 
although studies also reported contributions via direct inputs, tributaries, surface run-off 
and direct inputs from fisheries and aquaculture (Fig 14). Studies of the microplastics in 
sediment identified the same release pathways as those in water, with wastewater also 
identified by the highest number of studies. Few studies identified the release pathways of 
the microplastics in biota, however, aerial deposition was identified as a release pathway 
which was not identified by any studies of microplastics in water or sediment. 
Nevertheless, it should be noted that caveats outlined in section 4.3.1 are applicable to 
these findings: the number of studies available does not necessarily reflect the relative 
importance of the different pathways, rather the design of those studies. No studies 
considered the relative importance of different release pathways for the microplastics 
present in the different matrices. Furthermore, the only modelling study to give estimates 
of emissions to freshwaters to date (Kawecki and Nowack 2019), did not provide any 
information on the fate of those microplastics once released and, thus, could not provide 
any indication of the relative importance of different sources and release pathways for the 
different matrices.  
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Fig 13. Type of microplastics 
particles, primary or secondary, 
identified in the different matrices of 
freshwaters and estuaries. 
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4.6 Reliability 
Cumulative reliability scores ranged from 0 to 17 (Fig. 15), with an average of cumulative 
score of 8.38, a score that was less than half of the points available (total possible score = 
18 for studies of water and/or sediment, 20 for studies of biota). The number of reliability 
categories that scored zero ranged from the maximum possible 9 to 0 per study (Fig. 15). 
A zero score in any criterion indicated it was evaluated as “not reliable”: the average was 
3.66 zeros per study, which indicates that most studies were based on methods that were 
unreliable in over a third of the aspects considered. Using a more punitive measure of 
reliability, the product of the scores in all categories, only 8 studies did not score 0. 
Overall, the majority of studies regarding the sources and transport of microplastics in 
freshwaters and estuaries are based on methods that are in many aspects not reliable. It 
should be noted that it was not possible to score 25 of the studies considered, largely 
experimental studies, as they did not use methods that fitted to the reliability categories 
considered. 
The evidence available is insufficient to conclude that the microplastics prevalent in 
different matrices of the aquatic environment (biota, water, or sediment) are from 
different sources. 
Fig 14. Pathways of release of the 
particles found in the different 
matrices of freshwaters and estuaries. 
    29 
Fig 15. Range, 25%ile, 75%ile, and mean for cumulative score and number of zero reliability 
scores. 
 
5. Limitations  
Key limitations of this review are outlined below; these stem primarily from the fact that this  
is a relatively new and developing scientific field.  
There are inconsistencies in the way methods and results are reported in different studies.  
The design of the field based studies considered, and the preconceptions underlying these 
designs, are likely to have influenced the results obtained by those studies. 
Methods are developing rapidly. To date, no formal linking of sources to particles in the 
environment, using tracers or source apportionment, has been undertaken.  
The findings presented are summaries of the evidence available and, therefore, are 
infuenced by the reliability of the primary literature, including grey literature, on which this 
report is based. An assessment of the reliability of the 125 studies included in this review 
was undertaken (see section 4.6). However, this assessment of reliability was not used to 
exclude studies from the review, which was based on all 125 evidence sources. 
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The majority of studies regarding the sources and transport of microplastics in 
freshwaters and estuaries are based on methods that are in some aspects not reliable. 
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6. Conclusions 
The aim of this evidence review was to address the question “What are the sources of 
microplastics reported to have been found in freshwater and estuarine environments?” 
using the evidence available from studies of microplastics in freshwaters and estuaries. It 
was clear from this evidence that considerable uncertainties remain concerning the main 
sources responsible for the microplastics present in freshwater and estuarine 
environments. The experts interviewed were also of the opinion that there is considerable 
uncertainty regarding the sources of the microplastic particles found in freshwater and 
estuarine environments. There is evidence that microplastics from certain sources (e.g. 
industry, waste water treatment works, tyre wear) are present in freshwaters and 
estuaries, but a robust assessment of the relative importance of different sources 
contributing to the microplastics found in freshwaters and estuaries is not possible with the 
evidence currently available. Most models of release of microplastics into the environment 
do not specify the receiving environment, and none include the processes that affect the 
transport and fate of microplastic (and macroplastic) particles after emission, so it is not 
possible to relate modelled emissions to concentrations of microplastics in freshwaters and 
estuaries. Achieving robust conclusions was further hindered as the reliability of the 
evidence on microplastics based on field studies was poor: only 8 studies did not score at 
least one zero, indicating that most studies were unreliable in at least one aspect. 
Confident attribution of the sources of the microplastic particles found in freshwaters and 
estuaries as either primary (i.e. manufactured) or secondary (i.e. degradation products) is 
not possible. Nevertheless, the available evidence indicated that the majority of 
microplastics released are from secondary sources, and it appears that secondary 
microplastic particles are more abundant in freshwaters and estuaries than primary 
particles. 
The experts interviewed were of the opinion that the main sources of microplastics in 
freshwaters and estuaries are likely to vary spatially, dependent on the types of activities 
undertaken in the catchment of the waterbody. However, using the evidence available, it 
was not possible to conclude that there is a link between local land use or industry and the 
predominant microplastics found in freshwaters and estuaries. Models can estimate the 
rate of emission of particles, but little is known about the fate of microplastics once they 
are released. The experts were of the opinion that the evidence linking the microplastics 
found in freshwaters and estuaries to specific sources is weak and only applicable to point 
sources: most inputs are likely to be diffuse.  
Transport processes affect the profile of microplastics in freshwaters and estuaries, which 
may confound identification of the sources of microplastics. Deposition reduces the 
concentration of microplastics in water, and affects the profile of size, morphology and 
polymers. There is evidence that particles degrade through the action of physical and 
biological processes, affecting the concentration and profile of microplastics, although little 
is known about the process and rate of degradation under environmental conditions. 
Passage through sewage treatment works results in a substantial decrease in the 
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concentration of microplastics in effluent compared with influent water and an increase in 
the concentration of microplastics in sedimented sludge. The influence of other transport 
pathways on the profile of microplastics appears equivocal. However, the movement of 
microplastics through the environment appears to follow the patterns expected for natural 
organic particles of equivalent size and density, opening up the possibility of using existing 
knowledge to model the movement of microplastics though the environment. 
Although differences in the profile of microplastics are expected to occur among the 
different matrices, the evidence available is insufficient to conclude that the microplastics 
prevalent in different matrices of the aquatic environment (biota, water, or sediment) are 
from different sources. This finding corroborated the opinion of the external experts, who 
indicated that there is insufficient evidence to confidently define any differences among the 
matrices, or the mechanisms that lead to such differences. 
7. Recommendations 
Based on the findings of this evidence review, it is recommended that a more robust 
approach to identifying the sources of microplastic particles found in freshwaters and 
estuaries is adopted. To date, the identification of the source of particles found has been 
subjective and putative. It is suggested that the approaches used to identify sources of fine 
sediment, such as tracers and source apportionment, may provide a fruitful line of 
investigation. 
Although models have been developed to estimate the release of microplastics into the 
environment, the fate and transport processes that occur after release have not been 
included within these models. It is recommended that such fate and transport processes 
are included in release models in order to predict environmental concentrations of 
microplastics in freshwaters and estuaries. Similarly, it is recommended that such models 
should be polymer specific, as in the release models developed by Kawecki and Nowack 
(2019). In this way it may be possible to compare estimates with data describing field 
concentrations. A more robust approach to quantifying and characterising the microplastic 
particles found in freshwaters and estuaries is required also, in order to provide data of 
sufficient quality that can be used to verify release models.  
To enable such models, more research effort is required to determine the influence of 
processes and pathways on the fate of microplastics once they are released. Here, the 
understanding developed through studies of the movement of sediments could be adopted 
as the available evidence indicates that microplastics follow the patterns expected for 
natural organic particles of equivalent size and density. 
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Appendix A ER2_Capture.xls 
See Excel spreadsheet ER2_Capture.xls. Column headers reproduced here for convenience 
Evidence               
Ref No Reference Year Title Journal Vol Pages URL 
free free free free free free free free 
 
Waterbody Type 
Study 
Type Matrix   
Smallest size particles 
considered (in µm) 
Influence of 
Pathways? 
      Other detail µm   
menu menu menu free free Y/N 
 
Influence of Pathway/Transport on Total Abundance 
Effect of pathway Pathway/transport Details of pathway Change in total abundance 
Y/N menu free menu 
 
Influence of Pathway/Transport on Size Distribution 
Effect of pathway Pathway/transport Details of pathway Change in size distribution 
Y/N menu free menu 
 
Influence of Pathway/Transport on Relative Abundance of Morphologies 
Effect of pathway Pathway/transport Details of pathway Change in morphology profile 
Y/N menu free menu 
 
Influence of Pathway/Transport on Relative Abundance of Polymers 
Effect of pathway Pathway/transport Details of pathway Change in polymer profile 
Y/N menu free menu 
 
Influence 
of Process? Influence of Process on Total Abundance 
  Effect of process Process Details of process Change in total abundance 
Y/N Y/N menu free menu 
 
Influence of Process on Size Distribution 
Effect of Process Process Details of Process Change in size distribution 
Y/N menu free menu 
 
Influence of Process on Relative Abundance of Morphologies 
Effect of Process Process Details of Process Change in morphology profile 
Y/N menu free menu 
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Influence of Process on Relative Abundance of Polymers 
Effect of Process Process Details of Process Change in polymer profile 
Y/N menu free menu 
 
Sources 
Products  Sources/pathways  Character 
  Product 1 Product 2 Other  Source 1 Source 2 Other   Primary/secondary 
Y/N menu menu free menu menu free free menu 
 
Plastic Polymer  
Macro- Micro- Nano- Polymer 1 Polymer 2 Polymer 3 Polymer 4 Other 
Y/N Y/N Y/N menu menu menu menu free 
 
Quantities             
Quantified? Load Units Time Per capita Units Time 
Y/N free menu menu Y/N menu menu 
 
Continent UK Location   
  UK Lat Long Comments 
menu Y/N free free free 
 
menu = choice of options from pull down menu 
Y/N = choice of Yes or No from pull down menu 
free = any information can be entered into the field 
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